Research
advanced disease. Several studies have examined the efficacy of routine ultrasonography and screening for cancer antigen 125 for early detection of ovarian cancer; however, these techniques have not been clearly shown to be effective for early detection.
2-8 As a consequence, the American College of Obstetricians and Gynecologists does not recommend the routine use of these techniques for ovarian cancer screening, but it does recommend that women have an annual history and pelvic examination. 9 However, the value of even these measures as a part of preventive health care has not been well established. In our study, we assessed the frequency of medical visits and pelvic examinations and the type of health care provider visited among women with and without ovarian cancer in order to assess the risk of ovarian cancer in relation to these aspects of health care.
Methods
We performed a case-control study of ovarian cancer from July 1998 to July 2003 in eastern Massachusetts and all of New Hampshire. This study was approved by the Institutional Review Boards of the Brigham and Women's Hospital and the Dartmouth Medical Center. We identified 1267 cases from tumour boards and statewide registries, both of which are established methods to identify cancer cases. 10, 11 We excluded 119 patients who had died, 110 who had moved away from the study area, 1 who had no telephone, 23 who did not speak English and 46 who, upon review, were found to have a non-ovarian primary tumour. Of the remaining 968 cases, permission to contact 106 patients was denied by their physicians and 171 patients declined to participate, which left 691 patients available for interview. Of these patients, 668 had epithelial ovarian cancer (including borderline malignant disease) and were included in our study.
Control patients were identified through town books in Massachusetts and driver licence lists in New Hampshire. We performed frequency matching by selecting controls from these lists to match the age and area of residence of cancer cases. The validity of this method for selecting controls has been shown to be an effective means of population sampling.
12, 13 We sent invitations to 1843 women to participate in the study as controls. Of these women, 318 had moved, could not be located or had died, 197 (in Massachu-setts) returned an "opt out" postcard (sent to prospective controls as a requirement of the Institutional Review Boards) and 47 no longer had a working telephone. Of the remaining 1281 women, 152 were ineligible because they had previously undergone an oophorectomy or were not the correct age, 59 were incapacitated or did not speak English and 349 declined to participate, which left 721 women who were interviewed and included in our study.
After we obtained written informed consent, an in-person interview was conducted to ask participants questions about their demographic characteristics and their medical and family history. Participants also completed a self-administered dietary questionnaire. They were unaware of specific hypotheses; we assessed exposure before a reference date (1 year before the date of diagnosis for cases and the date of the interview for controls). Participants were questioned about the frequency of medical visits and pelvic examinations in the 5-year period before the reference date and about the type of health care provider that they visited most regularly. Cases and controls were categorized by the frequency of medical visits (≥ 5, 3-4, 1-2 or no visit); by the frequency of pelvic examinations (≥ 5, 3-4, 1-2 or no examination); and by the type of health care provider most regularly visited (obstetriciangynecologist, other physician [internist or family physician], non-physician [e.g., chiropractor, nurse-practitioner, homeopathic or holistic practitioner, physician's assistant] or no health care provider).
To describe factors associated with health care use among controls, we compared the baseline characteristics of control subjects who had at least 1 medical visit and at least 1 pelvic examination per year and who had an obstetriciangynecologist as their regular care provider with the characteristics of controls who did not have this type of health care. We evaluated 2 types of baseline characteristics: those that are not affected by health care encounters (age, ethnic background, religion, education, marital status, parity and family history of breast or ovarian cancer) and those that may be or are likely to be affected by the health care encounter (smoking, medication use, multivitamin use, use of talc in the genital area and gynecologic surgery).
We used unconditional multivariable logistic regression models to estimate the risk of ovarian cancer by frequency of medical visits and pelvic examinations and by type of health care provider. An initial model that included known confounders was used to evaluate the relation between the frequency of health care visits and risk of ovarian cancer. A second model that included additional potential causal intermediates was used to evaluate the role of these factors in relation to frequency of health care visits and ovarian cancer. All statistical tests were 2-tailed, and a p value of ≤ 0.05 was considered statistically significant.
We categorized medications as either prescription (antihypertensives, antidepressants, antihistamines and thyroid medications) or over-the-counter (mainly analgesics). We conducted subgroup analyses according to menopausal status and histologic subtype of ovarian cancer. Women were considered postmenopausal if they reported an absence of menses for at least 12 months. For women who had a hysterectomy before menstruation ceased, menopausal status was determined by age (premenopausal if less than 50 years of age, postmenopausal if 50 years or older). Interaction terms were used in the analyses to evaluate effect modification by menopausal status.
Results
In this age-matched cohort, cases were more likely than controls to be nulliparous, to be unmarried and to have a family history of breast or ovarian cancer. However, cases were less likely than controls to have ever taken oral contraceptive pills or hormone replacement therapy or to have had a tubal ligation. Detailed descriptions of the baseline characteristics of the cases and controls have previously been published.
14 Table 1 and Table 2 describe key demographic and medical characteristics of the participants, stratified by whether or not they had at least 1 medical visit per year, at least 1 pelvic examination per year or if their regular health care provider was an obstetrician-gynecologist. Cases were less likely than controls to report at least 1 medical visit per year (71.0% v. 76.3%) or at least 1 pelvic examination per year (67.7% v. 74.5%). There was no difference between the proportion of cases and controls who chose an obstetrician-gynecologist as their regular care provider. For the majority of characteristics, cases were less likely than controls to routinely use health care services. Compared with cases who had at least 1 pelvic examination per year, controls with this frequency of pelvic examinations were younger and were more likely to have more than a high school education, to have a body mass index of less than 30 kg/m 2 , to have taken prescription medications, oral contraceptive pills and hormone replacement therapy, to have had a tubal ligation or any gynecologic surgery and to have a family history of breast cancer. Among participants whose regular care provider was an obstetrician-gynecologist, controls were more likely than cases to be younger, to be married, to have taken prescription medications, to have a history of hormone replacement therapy and to have had an ovarian cystectomy, but they were less likely to use talc for genital hygiene. Table 3 presents the adjusted odds ratios of ovarian cancer associated with the frequency of medical visits and pelvic examinations and the type of health care provider. Compared with controls, a larger proportion of cases had no medical visit in the 5-year period (6.1% v. 2.4%), no pelvic examination (9.4% v. 2.5%) and no regular health care provider (4.9% v. 1.5%). The risk of ovarian cancer was increased among women who had no medical visit (adjusted odds ratio [OR] 2.8, 95% confidence interval [CI] 1.5-5.0) or pelvic examination (OR 3.9, 95% CI 2.2-6.9) or had no regular health care provider (OR 2.7, 95% CI 1.3-5.7). There was no increased risk of ovarian cancer among women who had 1-2 or 3-4 medical visits or pelvic examinations during the 5-year period. The risk of ovarian cancer was highest among postmenopausal women (no medical visits, OR 7.7, 95% CI 2.6-23.0; no pelvic examination, OR 3.3, 95% CI 1.7-6.5 ; no regular care provider, OR 12.5, 95% CI2.7-57.6). After we adjusted for potential intermediates in the causal pathway (smoking, body mass index, hormone replacement therapy, oral contraceptive pills, over-the-counter medications, prescription medications, multivitamins, talc for genital hygiene, tubal ligation and ovarian cystectomy), we found a marked attenuation of the effect of health care on the risk of ovarian cancer (likelihood ratio test: no medical visits p < 0.001; no pelvic examinations p < 0.001; no regular care provider p < 0.001). The proportion of women who had no pelvic examination in the 5-year study period differed by type of regular care provider: obstetrician-gynecologist 1%, other physician 4%, non-physician 14% and no regular care provider 66%.
Among 
Interpretation
In our study, we found that women who had no medical visits, pelvic examinations or regular health care provider were at increased risk of ovarian cancer. The risk was most apparent among postmenopausal women, especially those with no regular health care provider. When interpreting these findings, it is first necessary to consider the possibility of bias or confounding, especially in the context of a case-control study. Because not all of the potential controls who were contacted agreed to participate in the study (about a 70% response rate), we could not exclude the possibility that the controls who chose to participate were more likely than those who did not participate to be concerned about their health and were thus more likely to be regular health care users. The key issue then was to determine whether the pattern of medical visits and pelvic examinations among the controls in our study was representative of the pattern in the general population or whether this introduced an element of selection bias. In a 2001 US study involving 3966 women aged 18-64, 75% reported having 1 or more pelvic examinations per year and 3% reported "not usually getting these exams." 15 In our study, 74% of the control subjects had annual or more frequent pelvic examinations and 2% had no pelvic examinations during the 5-year study period, which suggests that the pattern of health care use in our control group was a reasonable reflection of the pattern of use in the general population.
Selection bias is also a concern in the case group. Since we were unable to include all patients with ovarian cancer in New England, it is possible that the health care practices of the participants were not representative of the practices of the total population of patients with ovarian cancer. Among the pool of eligible patients, a considerable proportion was excluded because their physician declined permission to contact the patient, which may have possibly introduced selection bias. To evaluate this, we stratified our results by location. When the results from New England (where physicians were more likely to decline permission for their patients to be contacted) were compared with those from New Hampshire (where almost all physicians agreed to allow their patients to be contacted), we obtained similar point estimates, which suggests that the selective loss of case subjects by physician refusal was not likely a source of bias. We next considered the important issue of confounding. First, we evaluated variables that would not be changed by, but might influence, health care use. These potential confounders were age, ethnicity, marital status, parity, religion and family history and were included as adjustment variables in all logistic models. Second, we evaluated variables that, unlike true confounders, may be elements in the causal pathway between health care use and ovarian cancer. Variables in this category may be influenced by health care encounter and included body mass index, use of talc for genital hygiene, use of over-the-counter medications, use of prescription drugs and pelvic surgery. We examined the potential for these variables to influence the association between health care use and ovarian cancer risk by determining whether these variables were associated with health care use. Not surprisingly, prescription drug use, including hormonal replacement therapy and oral contraceptives, use of talc for genital hygiene and history of tubal ligation and ovarian cystectomy were associated with health care use and type of regular health care provider. Importantly, some of these variables (smoking, 16 26, 27 and certain types of prescription medications (e.g., cholesterol-lowering agents) have been found to be associated with a decreased risk of ovarian cancer. When we included these as additional adjustment variables in the models, we found a significant attenuation of the association between health care use and the risk of ovarian cancer, which suggests that this association may be in part mediated by these variables. This effect was also observed for different histologic subtypes. Although the inclusion of these potential causal intermediates resulted in a substantial reduction in the risk of ovarian cancer, there was still a significant increase in risk, which suggests that the risk of ovarian cancer associated with a lack of health care use is likely multifactorial and not solely dependent on the modification of risk factors.
Several epidemiologic studies have shown that women with benign ovarian neoplasms are at increased risk of developing ovarian cancer. [30] [31] [32] In addition, a study of pathologic specimens has suggested that certain benign ovarian tumours may have the potential for malignant transformation. 33 In light of these studies, the association between not having a pelvic examination and increased risk of ovarian cancer may be explained in part by the fact that benign neoplasms, if not identified and removed, could become malignant. Although this may be one potential mechanism to explain the association between medical encounter and ovarian cancer risk, this association is likely to be multifactorial and to involve unmeasurable and unknown variables.
Our findings suggest that women who do not have medical visits or pelvic examinations and who have no regular health care provider are at increased risk of ovarian cancer. Although the exact mechanism of this association is unknown, women, especially those who are postmenopausal, should be encouraged to maintain regular medical care.
